Summary. The populations of two coexisting species of Dipodomys (Heteromyidae, Rodentia) were manipulated on 10, large, unenclosed, trapping grids. These manipulations revealed that, although many kangaroo rats are established residents in an area, a large number are transient individuals who quickly occupy vacated habitats. On plots from which residents had been removed, transients settled at rates of up to 5% of carrying capacity per day. These immigrants were invariably of the same species that was removed, indicating a strong element of intraspecific competition with little or no evidence of competition between the species.
Introduction
Experimental analysis of competitive systems in the field has only rarely been attempted. Perhaps this situation arises because, first, such analyses take much time and manpower and, second, most basic ecologists are academicians with inadequate budgets and only a telescope to see their field sites during much of the year (MaeArthur, 1969) .
Undaunted, field ecologists have attempted to amass what data they could on the distributions and abundances of their objects of study and to interpret these data in the light of the most up-to-date theories and hypotheses available. A recent contribution by Dayton (1973) , subtitled "getting the right answer for the wrong reason", effectively warns of pitfalls lying in wait for those who utilize such a strategy. Dayton advises that the careful ecologist knows the natural history of his organisms; with this, no experienced ecologist will disagree. It is also evident from his work that effective, manipulative experiments in the field can help to keep us on the right track and, at times, can even act as a check on the thoroughness of our understanding of natural history.
For these reasons we decided to measure the actual strength of competition between two kangaroo rats, Dipodomys merriami and D. ordii, by manipulating their population densitites on large, unenclosed plots in a region of central New Mexico where both are abundant. Previously the habitat specializations, food habits, and species diversity of desert rodents had been studied and inter. preted as if they were molded by interspecific competition (Rosenzweig and Winaker, 1969; Rosenzweig, 1973; Brown, 1973, in press; Brown and Liebermann, 1973; Smigel and Rosenzweig, 1974; Rosenzweig etal., in press ). But no one had taken the trouble to determine if competition actually existed between even two of the many species studied.
Since we would be obtaining many trap records and other ordinary data along the way, we also decided to check two important formulae. These formulae which are due to MacArthur (1972) and Levins (1968) , attempt to circumvent the ecologist's shortage of resources by allowing him to use non-experimental data to estimate the intensity of interspecific interactions. Would these formulae yield the correct values of interaction coefficients, the values we would obtain from our experiments ? No one had ever bothered to ask this question before, and, to our knowledge, Dayton's warning was the first hint that the formulae could easily be abused.
Our results are more than a second hint. They indicate that the formulae may well be useless in all or most cases where species avoid competitive exclusion by having different habitat specializations.
We selected ords and merriams kangaroo rats, because, of all possible pairs of rodent species convenient to our university, these seemed most likely to compete. They are strikingly similar in size and morphology, and little was known of ecological or ethological differences between them. It was likely, therefore, that the intensity of their interaction would overcome any noise present in their ecosystem.
Because these species are so similar, we also conjectured that no other would lie between them on any resource utilization axis. Thus, they should possess that competitive alpha value which equals the alpha of limiting similarity for members of their system. Would this value agree with that predicted by May and MacArthur (1972) ?
The reader who persists, will see that the rodents surprised us completely. Their "answers" to our questions were not predicted by theory or intuition in even one case. In the discussion we try to point out what is wrong with current theory. Moreover, we explain our results in the light of a new theory which was developed simultaneously and independently of these experiments. If the experiments serve their most important function, they will convince others of the need to test that theory also. Only then can it be replaced or relied upon. This land is situated along a geological transition zone at the north-western edge of the Jornada Del Muerto. Here the broad, grassy plain of the valley abruptly meets a band of low, rocky hills and sandy arroyos which parallels the Rio Grande. Soil texture in the hilly region varies from bare, rocky outcrops along the tops of the hills to a loose mixture of sand and rock fragments on the hillsides and, finally, to deep, loose sand in the bottom of the arroyos and in isolated dune areas. On the plains to the east the soil texture is less variable and can be best described as a thin layer of loose sand over a firm, sandy substrate. The elevation within the area ranges from 1500 to 1650 m.
Study Area
A pronounced change in the plant communities accompanies the soil and topographical transitions. Creosote bush (Larrea divaricata) is the dominant plant over most of the hilly regions and extends as far as 1 km eastward onto the sandy plain. Perennial and annual grasses become more common as the soil becomes sandier until, on the eastern plain, creosote bush exists only in isolated patches. Sporobolus cryptandrus, Aristida sp., MulI~enburgia sp., Tr/dens sp., Bouteloua eurtil~endula , Andropogon sp., Mentzilia pumila, and Gutierrizia sarothrae are common in this area. Russian thistle, Salsola kali, is also abundant. Yucca glauca and mesquite, Prosopis ~uliflora, are widely dispersed over areas with a sandy soil. The transition zone between the flatland and hillside plant communities is a narrow band along which grasses replace creosote bush as the dominant plant type. The extent to which grass is intermixed with creosote bush within this ecotone depends to a great degree on rainfall. The greater the rainfall in a given year, the more the denser grasses and herbs are found interspersed with creosote.
The average annual precipitation at the Socorro weather station 24 km away is 22.3 em. Two thirds or more of this falls between May 1 and October 30 in spotty, but often torrential thundershowers. Winter precipitation is rare. The mean temperature for July, the hottest month, is 26 ~ C, and midday temperatures often exceed 38 ~ C before the onset of the summer rains. Winters are mild although the temperature may occasionally drop below --12 ~ C at night.
Establishing the Grids A more extensive sampling of this area took place from May to September 1972 to determine the detailed distribution of the three dominant heteromyid species. It provided evidence for several important generalizations regarding their distribution. Trapping in a variety of habitats across the entire 12 section area ahowed that D. merriami (merriams, 37 g ) were rarely trapped in areas lacking creosote bush. Three individuals were the only exceptions to this rule and they were trapped only once on grids lacking Larrea. Dipodomys ordii (ords, 40 g ), however, were seldom captured in areas totally lacking grasses as part of the plant community. The pocket mouse, Perognathus ]lavus (7 g), was the most ubiquitous species; it was captured in all habitats included within the study area.
A high abundance of kangaroo rats and a maximal distance between proposed grid sites were the two factors which determined the locations of the 10 trapping grids established within the area. Each unenclosed, hexagonal grid included 16.2 ha within the outer perimeter of traps, but because the grids were open, animals from beyond the outer perimeter entered them and each grid actually sampled about 20 ha. The location of 331 trap sites was marked within each grid using surveying equipment. Trap sites were arranged in 10 concentric, equilateral hexagons with a trap interval of 25 m.
This was found to be the optimal trap interval for the density of kangaroo rats encountered on most grids during these experiments. Diminishing the trap interval provided no better census estimates; increasing it created competition for traps between the animals. The methods devised to determine this interval, as well as the area trapped by unfenced grids of this type, will be described in another paper.
The transition zone, where the two plant communities joined provided suitable habitats for all three species of heteromyids. Five permanent trapping grids (13-LO, 24-C, 24-LM, 25-HM, and l-C) were spaced at intervals of 1 km or more along the ecotone. The eastern margin of the Larrea divided grids l-C, 25-HM, 24-C, and 24-LM approximately in half. The eastern 1/2 of each of these plots was grassland. A broad extension of grassland protruded into 13-LM, although creosote bush dominated much of the grid. Plots 12-He and 2-HM were similar in that both had extensive areas of sand dunes topped with mesquite, :Yucca, and clumps of grass, as well as rockier areas dominated by creosote bush.
Grids 30.HO, 30-LM, and 36-L0 were on the eastern half of the study area where grasses and annuals were the predominant plant types. Most of the acreage included within these three grids was typical of the area. However, encompassed within grid 30-LM, was a 4 ha island of Larrea which was isolated from the ecotone by a kilometer of grassland. Prairie grass was extremely sparse within this island and dense thickets of dry tumbleweed accumulated around the bases of many of the creosote bushes. Plot 36-LO contained an isolated, 4 ha patch of mesquite, sparsely distributed creosote bush, and dense thickets of dead tumbleweed. The soil texture within these two islands did not appear to differ from that in the surrounding grassland.
Effects of a Wet Year
During the period of these investigations the distribution of D. ordii changed, probably in response to the unusually high precipitation during the summer and winter of 1972. When spot-trapping began in March 1972, the grass was sparse and grazed to within a few inches of the ground over much of the eastern plain. D. ordii were not found where the effects of the drought were greatest. Many survived, however, in limited areas where dense grass persisted. Rainfall was moderately high in the summer of 1972, and the grass began to return that fall. Several significant snowfalls that winter and better than average spring and summer showers brought about a tremendous growth of grasses and annuals in 1973. Grasses, Russian thistle, and other annuals became common in sandier areas of the ecotone previously occupied only by creosote bush as well as on the adjoining plain. This pattern of plant distribution persisted during the remainder of the experiments.
The change in distribution of D. ordii on the ecotonal grids coincided with the spread of grass across these plots in the spring and early summer of 1973. The appearance of D. ordii in this area brought them into greater contact with the D. merriami which occupied the ecotone throughout the period. This change in ords distribution and abundance is illustrated in Fig. 1 a and b. These are maps of grid 25-HM showing the location of all ords and merriams captures on January 24-25 and August 20-21, 1973 . These two periods are near the temporal extremes of the experiments, but capture maps from the intervening months show that the westward advance of D. ordii accompanied the emergence of new grass on all grids along the ecotone. The curved line indicates the location of the easternmost Larrea on this grid. The extreme scarcity of other shrubs on the eastern third of this plot probably explains why more D. ordii were not trapped there. Although these figures show that grass may be important to ords, we also observed throughout the study that neither species was common in pure grass habitats; both require at least a few small shrubs for support of burrow entrances.
Observations of one species invading the range of another and coming to dominate and even replace it numerically are not unknown in the literature. It is tempting to interpret them as the observation of interspecific competition in action. Although this interpretation was definitely the one we preferred initially, the reader will soon see that the pertubation experiments proved it erroneous.
Habitat Selection
The apparent habitat preference shown by the two kangaroo rats in this area suggested that this may be a means by which they reduce competition, and prompted an attempt to assess the extent to which grass and creosote bush control their distribution. Thus, during August 1973 every trap site on each of the 5 ecotonal grids was ranked on the basis of the type of plant coverage present within a 10 m radius of the trap.
A visual estimate of the area covered by grasses relative to that covered by creosote bush was the basis for assigning each trap site a score from 1 to 4. A site covered entirely by grass was given a score of 1. A rating of 4 meant that creosote bush provided the only cover, and that little or no grass was present. Frequently an area would have a high density of Larrea with dense clumps of grass interspersed among the bushes. Such trap sites received a score of 3. Areas dominated by grasses and dotted with a sparse distribution of creosote bush were given a score of 2. a 1 ----pure or nearly pure grasses and herbs; 4 = pure or nearly pure creosote bush. Numbers in the body of the table are the number of captures of a species on a plot in a particular habitat class. b Experimental manipulations will be described later. They are not important here as there was no difference between control and experimental results. c See text for description.
The records from the two control grids made between mid May and early September reveal how the two species of Dipodomys were distributed in relation to these variables. Table 1 gives a summary of this data including the mean habitat value and standard deviation for the three species of heteromyids on all five ecotonal plots. The table also includes the same statistics gathered for all the trap sites on each grid; these statistics provide a means of comparing how the grids differ with respect to the creosote bush--grass variable. A chi-square analysis was used to test the hypothesis that two species (e.g.D. ordii and D. merriami) utilize each of the four habitats in the same proportions. This analysis was applied separately to the data from each grid and showed that D. ordii tends to be captured in a significantly (Ps < 0.01) grassier habitat than D. merriami and that P. flavus was taken in a habitat significantly (/)3 <0,01) grassier than either kangaroo rat (Table 1) . Despite significant differences, each species was caught in a broad range of habitats (Table 1 ). An estimate of their competitive coefficients based on their habitat overlap was computed using the equation of MacArthur (1972) . (Table 2) . Overlap values from the experimentals are similar, but may be biased by the experiments and are reported only for information. Thus, despite evidence that the species prefer habitats which are measurably different, each forages over a broad spectrum of the available habitats and, according to the overlap formula, are likely to compete intensively. This conjecture seems especially probable since both Dunham (1968) and Brown and Lieberman (1973) noted significant overlap in the diets of ords and merriams.
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Perturbation Studies
The only necessary and sufficient means of demonstrating the existence of competition between two species is to observe the numerical responses of the presumed competitors to perturbations of one or both species. For instance, the population of a species would increase and/or its distribution expand if the density of its competitor is depressed. This follows directly from the general definition of interspecifie competition (Rosenzweig, 1971) .
We decided to use perturbation analysis to determine the relationship between D. ordii and D. merriami on the 10 plots. These two species were selected for study because they have very similar morphology and size. It was, therefore, supposed that they were likely to be the strongest competitors. Moreover, unlike the pocket mouse, they are easily marked and remain active throughout the winter.
Our initial intention was to measure the degree of their interaction through fractional pertubations of their populations on 8 grids with 2 grids reserved as controls. This approach was modified, however, due to inadequate manpower, and the problem was more closely studied on the 5 ecotonal grids.
Methods
Censuses and perturbations of the plots began in January 1973. The two grids having high D. ordil populations (12-H0, 30-HO), and two grids having high D. merriami populations (25-HM, 2-HM) received the heaviest perturbations. On each of these grids the population of the predominant species was decreased by two thirds. On two other grids having substantial D. ordii populations (13-LO, 36-LO) one third of that species was removed. One third of the D. merriami population was removed from grids 24-LM and 30-LM. No individuals of either species was ever removed from the control grids (24-C, l-C). A summary of these treatments can be seen in Table 3 .
Grids were trapped for two consecutive nights. A single live trap was placed at each trap site and baited with a commercial mixture of "wild bird food" consisting mostly of millet, milo, and sunflower seeds. During the winter months, traps were checked in the early morning between 1:00 and 4:00 AM and the animals released to prevent their death by freezing. During the warmer months this procedure began at first light. Species and trap location of every animal captured was noted. All D. ordii and D. merriami were marked by clipping a numbered, fish fingerling tag to their ear when first captured. This number was recorded with each subsequent capture. In addition, the species, location, sex, and apparent age and reproductive condition of each kangaroo rat was noted. These data were taken in the field, and all animals, not to be removed, were released at the point of capture. All traps were closed in the morning and rebaited in the afternoon.
The size of the Dipodomys' populations were estimated using the Lincoln Index formula, x ~ rot~r, where x is the estimated size of the population, m is the number of animals marked and released the first morning, t is the total number captured the second morning, and r is the number of animals released the first morning and recaptured the second. Also, minimum estimates of population size were arrived at by totalling the number of different individuals captured over the two night interval. With few exceptions the Lincoln estimates were in excellent agreement with the minimum estimates.
Perturbations were made the second morning of each visit to a grid. From January to June one grid a week was censused and perturbed. These manipulations were designed to maintain the perturbed species on each grid at the density to which it was reduced following its very first perturbation. For example, if 30 D. ordii were trapped on the first visit to a grid and one third were removed, then the density of that species would also be reduced to 20 on all subsequent perturbations of that grid. In August and September, maximal perturbations were conducted on several grids (Table 3) . These involved the removal of all individuals of the manipulated species captured during the second night of trapping.
When only one grid per week was sampled, an interval of 10 weeks elapsed between consecutive censuses of each grid. Intraspecific resilience was so strong that such infrequent visits were inadequate to maintain the desired levels of perturbation. Hence, all efforts from early June to late September were concentrated on the five grids along the ecotone. During this period grids 24-C and 1-C continued as controls, but the other 3 grids received frequent manipulations. Between August i and September 6, grid 13-LO received maximal ords perturbations at 10 day intervals. Grid 24-LM, from which merriams had previously been removed, also received maximal ords perturbations (on July 31 and again on August 14) in an attempt to release the ords-occupied habitat to immigrant D. merriami. 
Results
Since the minimum census estimates agree well with Lincoln estimates, only the former will be presented and discussed.
The changes in D. merriami populations on the four grids where they were the manipulated species are shown in Fig. 2 . Census data for this species on the two control grids (l-C, 24-C) are included for comparison. Grids 2-HM and 25-HM had two thirds of their merriams populations removed following their first censuses, and 24-LM and 30-LM had one third removed at this time.At each subsequent census until late July each population was returned to its initial perturbed density. Changes in D. ordii populations receiving similar treatments on different grids are shown in Fig. 3 . This figure also includes census data for ords populations on the control grids.
Perhaps the most impressive thing which these two figures show is the resiliency of these species. The perturbed populations of D. merriami seem capable of renewing most lost individuals through immigration in 3 months or less (Fig. 2) . This is demonstrated by the recovery of this species on 24-LM and 25-H1~ between mid January and early May. These two grids were located on the transition zone and were easily accessible to any floating populations of both ords and merriams. However, grids 30-LM and, to a lesser extent, 2-HM were more isolated from sources of merriam immigration and show slower rates of recovery. D. merriami populations apparently suffered a period of natural decline in the spring and early summer as indicated by data from the control populations (Fig. 2) . But in June or July the populations on the controls began a period of increase which continued through the last census date. The ords populations on the control grids followed a pattern of general increase throughout the early months of the experiments (Fig. 3) . Both, however, showed little change in Juno or July followed by continued increases on 24-C throughout August and early September. Perturbed populations of D. ordii on 13-L0, 12-HO, and 3O-HO show high recovery rates. The best example of this is the ords population on grid 13-LO which responded to perturbations administered at 10 day intervals in July and August by replacing an average of three animals per day. That amounts to about 5 % of carrying capacity per day. Moreover, since this is an integral of a rate over 10 days, it is probably an underestimate of the initial, peak rate.
The effects of these manipulations on the second species sharing each grid are negligible (Figs. 4 and 5 ). On the four grids which received morriams perturbations, the ords populations do not show the increases one would expect if the two species were competing (Fig. 4) . The changes demonstrated by these populations follow very closely the changes seen in this species on the controls. D. merriami populations on the four orals-perturbed grids followed the same slight decline m density seen on the control grids between May and July (Fig. 5) . A major orals perturbation of 43 animals was not able to induce D. merriami to live in the grassy habitat included within grid 30-I-IO.
The grid which received the most intensive trapping was 13-LO. An effort was made from mid July to the end of August to remove as many D. ordii as possible from this grid, and the success of this trapping can be seen in Fig. 3 . A total of 110 animals was removed within this 6-week period. The D. ordii population decreased from 53 to as few as 6 animals. These efforts may have had the effect of enhancing the rate of D. merriami increase on the grid during this period to a level slightly above that of the merriams on the controls (Fig. 5) . However, the difference in these rates of increase do not appear to be significant. It is apparent from these experiments that when an animal is removed from any population it is quickly replaced by another member of the same species and not by "ts congener. To further confirm this, a brief, pilot augmentation experiment was conducted from August 20 to September 5; this experiment measured the effects of D. ordii and D. merriami densities on the ability of merriami from other locations were released on each of these grids (as well as 15 on the control grid, 24-C). This addition of marked animals occurred on the two nights immediately following the perturbations (or the census on the control) ; 6 animals were released in the center of each grid the first night and 9 animals the second night. After 10 days each grid was recensused. The D. ordii population on 13-LO was reduced from 33 to 10 known inhabitants, and the D. merriami population on 25-HM reduced from 17 to 3 individuals. A census of the control grid showed that it held 23 merriams and 64 ords before the new merriams were released. Of the 15 "immigrant" merriams released on each of these grids, 5 were recovered on 13-LO, 5 on 24-C, and 9 on 25-HM (Table 4) .
Natural migration also occurred on these grids during the 10-day interval between censuses, so the net changes in the populations are also of interest. The merriams control population (24-C) increased by 7 (30 %) including the 5 seeded immigrants. This species increased by 10 (43%) on 13-LO and by 12 (400%) on 25-HM over their perturbed densities. Moreover, although the population of D. ordii on 25-HM and the control grid changed very little (6% and --2%) during this time, the ords increased 140% on 13-LO through natural immigration alone. Thus, immigrant D. merriami, whether augmented or natural, did best on 25-HM where it had been the species removed, and D. ordii increased the most on 13-LO where they were the perturbed species. Of course, these numbers are too small for one to conclude anything from them alone, but it is of interest that they conform exactly to the pattern obtained from the other work.
It is difficult to know with complete certainty the source of the animals which so rapidly filled the vacated habitats throughout these experiments. Recruits were predominantly healthy, adult animals distinguishable from the resident population only by their lack of ear tags. The literature suggests that the reproductive ability of kangaroo rats is modest. D. merriami has an average litter size of 2.6 and produces no more than two litters per year (Bradley and Mauer, 1971 ; Eisenberg and Isaac, 1963) . Clearly reproduction by residual animals could not quickly replace those which were removed from the experimental plots It must be assumed, therefore, that they were largely immigrants responding to differences in population pressures.
On 24-C about 30% of the D. merriami and 28% of the D. ordii that were captured were trapped only once suggesting the existence of a large population of unsettled, highly mobile animals in unperturbed areas. Each night these rats may move through suitable habitat foraging for food as they go. To survive they need to locate an empty burrow by dawn, and the relative ease with which this requirement is met may be a factor which encourages an animal to stay.
Largo floating populations of animals are not uncommon in nature. Studies of bird populations indicate that bachelor flocks are often soon during the breeding season, and that these birds quickly occupy vacated territories within the breeding colony (Andrewartha, 1961; Krobs, 1970) .
The sex ratio of animals captured on the ecotonal grids averaged 55 % males and 45% females; there was no significant difference in sex ratio between the control and the experimental plots. This indicates that the sexes of both species were equally prone to move about.
Although instances of the same rat being captured on two different plots were exceedingly rare, one such case demonstrates the amazing mobility of these animals. A male D. ordii was captured at the same trap site on the periphery of 2-HM in mid February and again in mid May. He was not trapped again until he appeared in mid August on 13-LO where he was captured four times before the experiments wore terminated. The distance between points of capture on these two grids is about 91/2 km including much hilly, rugged terrain. In another instance, a D. ordii moved about 5 kin in the week from August 14 to 21.
Discussion
The spatial distribution of the two species of Dipodomys on the site of this study is a classic example of contiguous allopatry. D. ordii is largely restricted to a grass-dominated habitat and D. merriami to a habitat where creosote bush dominates; both are trapped in a narrow zone of mixed habitat. Miller (1967) states that such a distribution indicates a strong element of competition but warns that it could also be produced by a sharp environmental discontinuity. Were the latter true, the fundamental niche of these species might be set by the same environmental factors which are responsible for the marked transition in plants which occurs along the ecotone separating their prime habitats. The increase of D. ordii on the ecotonal grids which accompanied the sudden proliferation of grass there, could indicate their physiological need for a more productive environment, a behavioral preference for a grassy habitat, or both.
There were no other noticeable changes in the environment accompanying the increase in grass. In particular, soil texture remained the same. It is, therefore, most unlikely that soil differences are directly responsible for the difference in the distribution of these two species.
Although abundant grass is apparently needed to support D. ordii, both species were often captured at the same trap stations. This implies a significant degree of overlap in their physiological tolerances and behavioral preferences.
Perhaps, physiological limitations do set their ultimate ranges, but these limitations are not sufficient to prevent sympatry and possible competition along the ecotone.
Conversely, it would be improper to explain their distribution on the basis of competitive interaction unless it can be shown that the realized niche of one or both species is less than their fundamental niche. The few studies in which free or enclosed populations of animals have been manipulated are cited by Grant (1972) and Miller (1967) , and such studies, when done with proper controls, provide the strongest evidence for the presence or absence of competition between the species involved.
Our perturbations suggest that neither species is restricting the density or distribution of the other, at least not proximately. Since it was not possible or desirable to restrict immigration into the unenclosed grids, it was difficult to maintain high levels of perturbation. Perhaps the populations of the unperturbed species would have increased had the perturbations been maintained for longer periods. It may even be true, that the merriams population on 13-LO showed a slight increase in response to frequent manipulations of the ords population there, but the consistency with which a perturbed species always bounced back to restore its own depleted populations on every grid suggests that D. ordii and D. merriami are orders of magnitude more sensitive to therr own density than that of their congener. This conclusion is also supported by the results of the augmentation experiment in which D. merriami were more successful in remaining on the grid from which merriams had been removed than on the grid from which ords were removed.
The two species of Dipodomys appear to avoid direct competition by means of subtle differences in habitat preference. Although the data from the ecotonal grids indicate that significant differences exist in the habitats preferred by the three common species of heteromyids, the interaction coefficients estimated from this data range from 0.85 to 0.98 and predict a high intensity of competition between the kangaroo rats. However, the perturbation studies offer no evidence of competition between these species. Perhaps this apparent contradiction can be explained by the rather naive way in which habitats were classified. Although the grass-creosote bush variable is adequate to predict which species will be found in the two extreme cases; it might lack the resolution needed to detect the features by which the two species distinguish their optimal habitat where competition is most likely to occur, i.e. where grass and creosote bush are intermingled.
It is possible to permit the rodents themselves to classify their habitats. Each trap site can be viewed as a potentially different habitat, and its record examined to see the frequency with which each species was captured there. If the enticement of a baited trap doesn't greatly alter the animal's foraging habits, trap sites at which both species are captured are habitats in which these species might interact. With this method any subjective evaluation by the investigator is ehminatod. Levins (1968) assumed that competition can depend on individuals of two species meeting in or searching the same habitat for food, and, using that assumption, proposed a means of measuring a competitive alpha whose magnitude is determined by the probability of interspecific encounters relative to intra-specific encounters. We applied this method to the capture records for the control grids. The record from each trap location was examined and the species of each kangaroo rat captured there was noted. If only one individual was captured at a given location no encounters could be assumed to have occurred there, and its record was not included in the analysis. But if more than one individual were captured at a station, that station's records were included in the following calculation
ZN of e. where n i is the number of trap sites where encounters occurred involving two or more individuals of species i, n~i is the number of trap sites where interspecific encounters occurred, i is the number of individuals of species i captured at a given trap site, and N i is the total number of indi~duals captured of that species at n i traps. The encounter coefficient for 24-C are :%o ----0.26 and :r 0.44. The c%o estimates the impact of ords on merriams and aom that of merriams on ords. Similar coefficients for grid 1-C are ~o : 0.45 and aom = 0.29. The discrepancies in the exact estimates of alpha could be due to various factors, but it is the magnitude of these alphas, not their exact value that is of interest. Compared to what was predicted by the grass-creosote bush variable, interspecifie encounters are relatively rare, providing additional evidence that a rather subtle form of habitat selection minimizes or eliminates competition between these two species. Yet even these estimated values of alpha are substantial compared to true alpha which the perturbation work showed to be close to zero.
Why did the resource utilization equations of Levins and MacArthur fail entirely to agree with the results of the perturbation experiments ? It could be argued that the experiments were inconclusive or failed to accurately measure competition. These experiments followed a period of unusually heavy precipitation which resulted in conditions very favorable to high seed production. Both species responded with population increases, and D. ordii locally extended its range to utilize the new resources. This may have been a period of high seed abundance and low competitive pressure, conditions which could produce low measurements of alpha. Would the perturbations have produced similar results under less favorable conditions or at another time of year ? Perhaps the differences in habitat preference we observed would disappear, and interspecifie competition increase. This question can not be answered without new experiments done under clearly different conditions.
Certainly, the results of these perturbations would be more convincing if the experiments had been continued for a full year. Yet they were conducted just as the "harvest season" was beginning. There may not be a more crucial time of year to hold a permanent home range, because it is then that seed caches must be developed to tide the rodent over the cold winter and dry spring that can ordinarily be expected. Moreover, both Dipodomys have maintained the same distribution relative to the ecotone through April 1974. If they are habitat selectors and their foraging behavior is innate, then short term elimination of either species should not alter this innate preference, and perturbation at any season or under any conditions should yield similar results.
Thus, we beheve that the perturbation experiments provide the best approximation of the actual species interaction coefficients, and we must conclude that the Levins' and MaeArthur formulae are inadequate. How might this be so ?
Perhaps this answer lies in the nature of our data. We had to assume that two species captured in the same habitat were utilizing that habitat in the same way and thus competing there. This may not be the case. Perhaps, for example, the two are resource allocating. Brown (1973) and Brown and Lieberman (1973) measured the differences in the food selection and foraging locations of seed-eating rodents on 18 sand dunes in eastern California, Nevada, and western Utah. Of the 7 dunes within the geographical and altitudinal range of D. ordii and D. merriaml, these species were captured together on only two. Both species avoid plants and shrubs and forage in the open. They were found to overlap in seed utilization to a moderate degree, but D. ordii collected larger sized seeds than D. merriami. These conclusions, however, were based on the combined data including that taken from areas where ords and merriams are not sympatric. Differences in seed size may, therefore, reflect only differences in seed availability between microhabitats rather than differences in seed preference. Collections made by Dunham (1968) and Lemon (pers. comm.) indicate that ords and merriams take the same seeds where they are locally sympatric in New Mexico. Here, resource allocation probably plays no part in protecting either from local extinction.
Even in the absence of resource allocation, two species may not be using the habitats in which they are found to the same extent. Perhaps, each species burrows and forages in its own preferred habitat and merely travels through the habitat of its congener. A recent theory (Rosenzweig, 1974) predicts that under some conditions of habitat specialization, species should indeed travel through and not utilize their nonpreferred habitat types. Much of our work is in agreement with this theory. First, our observations indicate that merriams is probably a specialist in habitats of low production with sparse foliage near the ground, whereas, ords seems to prefer, and be a specialist in grassier habitats. Moreover the consistent regularity in the replacement of removed animals by immigrants of their own species in this study suggests that different factors were limiting the abundance of each species.
From the nature of their responses, it is possible to infer a few characteristics of these limiting factors. The speed with which animals from outside the grid reacted to the perturbations indicate that they were responding to easily perceived clues such as empty burrows or vacant territories. The density of consumable resources such as seeds could not change significantly during the brief period the populations were depressed. Access to food, however, would have changed if these rodents are territorial or display avoidance behavior. The small size and nocturnal activity of heteromyids have discouraged direct field studies of their mutual interactions, but indirect evidence (Vorhies and Taylor, 1922; Schroder and Geluso, in prep.) indicate that adult D. spectabilis live a solitary existence. Laboratory studies in which encounters were observed in small on-closures (Christopher, 1973; Eisenberg, 1963; Smigel, pers. comm.) reveal various high levels of agonistic behavior between both congeners and conspecifies. Eisenberg (1963) concluded that the stereotyped behavior he observed in several species of Dipodomys had evolved to adapt these species to life in an arid environment. In laboratory encounters between members of the same species, mutual avoidance and agonistic behaviors predominated unless one individual was a female in estrus. Physical contact was the exception rather than the rule in all encounters. He postulated that, in spite of their solitary nature, Dipodomys may have well integrated social systems in which the members may establish familiarity, not through aggressive encounters or territorial defense, but by olfactory communication at preferred sandbathing loci. Certainly it would be highly advantageous for seed-gathering species in an arid, unproductive environment to "maintain their density at an appropriate level" with a minimum amount of time diverted from foraging activities. The speed with which both species recovered from perturbations strongly suggests that they may employ a refined form of intraspecific territoriality such as Eisenberg describes. Our interpretation of these facts is that each population is limited by spacerelated factors in its own special mierohabitat. Neither utilizes the resources in the habitat of the other. Thus, the use of the MacArthur-Levins formulae for estimating the alpha of habitat selectors is treacherous and contraindicated.
Although these formulae should not be applied to habitat data, there are no analogous problems for other resource data. Clearly an aceipiter does not capture and kill a robin to obtain the worms that the smaller-bird has collected. If one observes a hawk killing a robin, he can safely assume that robins are an item on its menu and that perhaps it competes with other small bird predators. Hence, the application of these formulae to food resource data [when, as Dayton (1973) , points out, we know they have been collected from probable competitors] may pose no insurmountable problems.
Recent theories of competition predict that the limiting similarity of close competitors should be approximately 0.5 or 0.6 (MacArthur and Levins, 1967; May and MacArthur, 1972) . Our experiments indicate that two species which ought to exhibit the limiting alpha value simply do not. Instead, their alpha is very close to zero.
Our explanation is ultimately based on the theory of MaeArthur and Pianka (1966) which asks how an individual might optimize its choice of habitats and resources. The key concept is optimization. The theory of limiting similarity asks instead what is tolerable. Starting from the notion that optimizing fitness is life's "strategy", Rosenzweig (1974) examined the evolution of habitat utilization in two habitats which place discordant requirements on their users. His theory predicts that under certain circumstances (habitats similarly abundant) the optimal strategy for two species would be for each to use only the habitat for which it is best suited; two such species evolve a competitive alpha which is very close to zero. Each might travel in the other's habitat, but he should not exploit it. As suggested above, the two species of kangaroo rats may be doing just this.
Ignoring a past or potential competitor's microhabitat is an optimal strategy only if that species is both present and as abundant as possible (Rosenzweig, 1974) . If indeed, habitat selection evolves to reduce interspecifie competition, then we would expect to observe measurable competition only when experimental perturbations have been maintained long enough to allow natural selection itself to alter the preferences of the populations. Thus, it is wrong to conclude from short-term experiments which show that alpha is zero, that competition plays no part in the system; in fact, the persistent potential for competition is essential in establishing and maintaining the behavior by which competition is eliminated. This makes it difficult to discriminate cases of competition from cases of neutralism, and very difficult indeed to interpret the results of perturbation experiments which show that alpha equals zero.
Rosenzweig's theory assumes a two habitat environment. Perhaps that is all it applies to. But, even if it applies more generally, we must not discard altogether the theory of limiting similarity. It will still be useful to help us determine when different specialists should be ecotypes of the same species or members of different species (Rosenzweig, 1974) . It may also be valuable in cases of resource allocation (but see Pulliam, 1974) . However, when considering at what point the evolution of competitive systems reaches a steady-state, one must never ignore what is optimal and concentrate solely on what is tolerable.
